Soil fertility management is one of the major strategies for improving potato productivity in the highlands of south-western Uganda. Land belonging to potato farmers is highly fragmented hindering sustainable potato production under small-holder farming systems. Land fragmentation brings a major challenge to small-scale farmers in soil fertility management, increasing costs of production. However, identifying major soil nutrients limiting potato production in the highlands of south-western Uganda is an avenue of applying appropriate soil nutrients to improve potato productivity without degrading the soils. It also assists farmers in investing in the necessary soil nutrients and, hence reducing the costs of production while improving potato productivity. The study indicated that soil potassium was the most single significant soil nutrient limiting potato productivity especially in the fields located on hilltops and far from homesteads. Hence, it was imperative that farmers apply potassium containing fertilizers to minimize potassium depletion but also increase potato productivity. It was also important for farmers to always integrate disease management with soil nutrient management for improved potato productivity.
Open Access Library Journal nual growth in global per capita consumption of 0.3% [1] . Despite these impressive achievements in both income and consumption, more than one billion people in the developing world are poor, apparently surviving on less than US$ 1 a day [2] . In Uganda, declining soil fertility is among the major factors constraining food production and economic performance of small scale farms [3] . Diminishing soil fertility and crop productivity in the highlands of south-western Uganda have been associated with low use of improved technologies such fertilizers and manures [4] . Lack of market opportunities for farmers' produce has been one of the disincentives for increased agricultural production. Thus, Uganda is listed among the countries with the lowest crop yields per unit area in the world, in spite of its relatively favorable agro-climatic environment [5] .
To reduce food insecurity and poverty at household level, the government of Uganda has initiated various liberalization policies to revitalize agricultural production and improve rural household income [6] . Subsequently, the government has urged farmers to embrace agricultural modernization and produce for the market. In response, International Center for Tropical agriculture (CIAT), in collaboration with Africare-Uganda and NARO, has trained farmers in the highlands of south-western Uganda in improved soil fertility management technologies for sustainable potato (Solanum tuberosum L.) production. The same farmers were later linked to urban markets with good prices for potato produce. It was envisaged that integration of enhanced farmers' knowledge in soil fertility management and profitable markets could be an incentive for farmers to invest part of potato proceeds in soil nutrient management. To reduce land degradation and costs of production in form of investments in soil nutrient management, it was imperative to investigate soil nutrients limiting potato production on fields located on the different slope positions and distances from homesteads. It was also necessary to assess responses of potato yields on integrated soil nutrient management in fields located on different slope positions and distances from homesteads. This would guide farmers on which kind of soil nutrients to apply and therefore invest resources appropriately. The highlands have steep long slopes that are intensively cultivated for potato under low input production systems [4] . Kabale has a population density of 144 persons km −2 and it is considered among the most densely populated districts in Uganda [8] . The district has a montane type of climate with an annual rainfall of 800 -1000 mm. The long rains occur between mid August-December, followed by short rains in mid March-May and a short dry spell between June and July [9] . Subsequently, Kabale is food self-sufficient, although the soils have over time been losing fertility due to over cultivation, soil erosion and lack of resources for soil fertility rejuvenation [4] . The soils on hill slopes are shallow dark brown with low productivity, while the valley bottoms have deep humose brown loam with moderate to high productivity. Fragmentation of land holdings is severe and the average landholding is about 0.32 ha per household [4] .
Materials and Methods

Study Site
Research Approach a) Selection of potato fields
Six parishes in Kamuganguzi Sub County were selected based on their common bio-physical features and characteristics (land use types, plot sizes, soil types and vegetation). Using farmer group research approach, potato fields located on different slope positions and relative distances from owners' homesteads were selected. Using farmers' perception on soil depth, relative position on hill-slopes and fertility levels, potato field typologies were determined. These were either confirmed or placed in the corrected field typologies (hilltop ± homestead, mid slope ± homestead and valley bottoms) during field transect walks with community members. b) Soil sampling and laboratory analyses Soils from different field typologies were sampled at depth of 0-15 cm and analyzed for chemical (soil pH, total organic matter, total N, extractable P, exchangeable K, Na, Mg and Ca) and physical (soil bulk density) properties [10] [11] . c) Limiting nutrient and fertilizer response trials Trials on limiting nutrients and fertilizer responses in potato on different field typologies were set up in six parishes in two rain seasons of 2017. Fertilizer treatments ( Table 1 and Table 2 ) were randomly applied in plots of 4 m × 3 m which were planted with pre-sprouted potato variety (Victoria) at spacing of 75 cm × 30 cm. Each of the trial on limiting nutrients and fertilizer responses had 30 trials located on different field typologies. Analytical copper chloride (CuCl 2 ), zinc chloride (ZnCl 2 ), manganese chloride (MnCl 2 ) and Analytical Borax (Na 2 B 4 O 7 ) were sources for Cu, Zn, Mn and B respectively. Each of the micronutrients (Cu, B, Zn and Mn) was applied at the recommended rate of 1 kg ha −1 . Land preparation, planting and weeding were carried out using a hand hoe. At maturity (100 days after planting), the number of plants per plot were recorded before harvesting. Plants from the middle four rows in each plot were harvested and the number of tubers per plant and their grades recorded. The three grades were assessed by measuring the circumference of tubers. These were Grade A (>60 mm), Grade B (45 -60 mm) and Grade C (<45 mm). Grades A and B are marketable 
Statistical Analyses
The collected data were entered in Excel software for management and later analyzed using statistical software Genstat. Interactions of the different treatments were determined and Fisher's LSD test was used to compare each pair of treatments analyzed using One-Way ANOVA (Analysis of variance).
Results and Discussion
Farmers' Perceptions on Soil Characteristics with Scientific Determinations
Farmers were knowledgeable on the different levels of fertility and depths of po-Open Access Library Journal tato fields located on the different slope positions (Table 3) . Potato fields located on the upper slopes were often shallow with stony outcrops and extremely low fertility. This was an indicator of serious soil erosion and limited use of soil fertility improving innovations. The hill-slopes of the highlands of south-western Uganda were long and steep with high levels of erosivity [7] . Due to low soil fertility on upper slopes resulting into low potato yields, farmers often encroached and cultivated marginal areas such as wetlands as they searched for fertile soils.
Soils in potato fields located in the valley bottoms were deep and fertile. These were extensively cultivated with limited use of soil fertility improving innovations such as fertilizers and manure that resulted into extensive soil nutrient mining.
Soil Physical and Chemical Properties of Potato Fields under Urban and Non-Market Linkages
Potato fields had soil extractable phosphorus (P) above the critical value of 15 mg/kg, below which potato growth could be negatively affected [12] . Soil nitrogen (N) and potassium (K) were inadequate and yet, they are heavily utilized by potato crop [12] . Among the soil parameters measures, only total soil carbon (SOC) and N that significantly varied with the farmer-market linkage types (p < 0.05) (Table 4) . However, total SOC and N were below the critical value for optimum potato production [10] . Farmers under urban and non-urban market Critical values 1.40* 4.0** 0.5** 0.30** 15.00** 2.00** 0.20** 5.5** *Critical bulk density above which, there is noticeable poor tuber development; **Critical soil chemical and nutrient values below which, potato growth and yields are negatively affected. Open Access Library Journal types applied soil nutrient below the optimum and yet potato is a heavy feed on N and K [12] . This indicated that linking farmers to urban markets did not lead to sustainable potato production. This was also revealed by the high bulk density under urban and non-urban market linkages that indicated exposure of the compacted sub soil as a result of soil erosion.
Potato Yield Responses to Limiting Soil Nutrients
Other than, potato fields located on hilltops and far from homesteads (Hilltop − HH), there were no significant differences in tuber yields on different field typologies (p > 0.05) ( Table 5 ). Soil potassium was the most limiting nutrient in potato fields located on hilltops and far from homesteads. Potassium follows soil nitrogen in quantity taken up by potato crop [12] . Potassium uptake influences tuber yields and size of tubers as well as a number of tuber quality factors including specific gravity, black-spot bruise susceptibility, chip and fry color, and storage quality. Potassium deficiencies reduce photosynthesis, reducing dry matter and starch formation [12] . Although, there were no significant differences in tuber yields on other field typologies other than Hilltop-HH, soil potassium was also the most limiting nutrients in potato fields located on mid-slopes and near homesteads (Midslope + HH) and valley bottoms. Potato fields located on hilltops and near homesteads (Hilltops + HH), micro-nutrients were the most limiting. Although soil P and N are macro-nutrients taken up in substantial amounts by potato, they were not the most limiting on the different field typologies. Similarly, sulfur (S) was not among the most limiting nutrients on the different field typologies.
Responses of Potato Yields to Integrated Soil Nutrients
Other than tuber yields of grade C (<45 mm), there were no significant different responses in tuber yields and number of tubers per plant on integrated soil nutrients (p > 0.05) ( Table 6 ). During the study, the experiment was affected by bacterial wilt of potato caused by Ralstonia solanacearum that masked the effects of applied mineral nutrients on potato growth and yields. The disease was one the most important challenge in potato production in the highlands of south-western Uganda. It was known for reducing potato yields up to 100 % [13] .
Conclusion
Soil K was the single significant limiting soil nutrient in potato production, occurring in potato fields located on hilltops and far from homesteads. Therefore, it was imperative for farmers to apply K containing soil nutrient resources in potato fields to minimize land degradation while improving potato productivity under smallholder farming systems in the highlands of south-western Uganda.
However, there was need to integrate disease management to improve potato productivity through integrated soil nutrient management.
